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 Chirp subbottom data collected from the Chukchi shelf, offshore of northwest 
Alaska, revealed extensive paleodrainage networks that incised the margin during sea 
level lowstands. These features are cut into folded Cretaceous bedrock strata and 
represent multiple sea level cycles. Several large incised valleys, 10s of km wide and up 
to 54 m deep, as well as numerous smaller, individual channels were identified. Sources 
of fluvial input include several, smaller rivers on the northwest Alaskan coast, such as the 
Kokolik, Kuk, Kukpowruk, and the Utukok Rivers. Correlation of sediment infill patterns 
provided insight to paleochannels and paleovalleys as well as outlined potential 
paleodrainage networks. Sediment infill and erosion patterns were examined to assess 
whether some of the valleys were formed by non-fluvial (i.e. glacial) processes. Results 
indicate the presence of four paleodrainage networks across the eastern Chukchi shelf 
based on shape, size, and infill of the paleovalleys: The Southern Valley, Northern 
Valley, Borderlands Valley, and Barrow Valley. All of the paleodrainage valleys are 
oriented perpendicular to the western Alaska coast except for Barrow Valley, which 
follows the northwest Alaskan coastline. All of the paleovalleys contain fluvial infill 
although some locations, such as the Southern and Barrow Valleys, appear to contain 
marine infill as well. Barrow Valley also appears to have negative erosional relief of up 
to 4.5 m on the transgressive surface, possibly from an ice shelf or other glacial features. 
The presence of ice may have also obstructed Barrow Canyon, which would explain why 
Barrow Valley appears to bypasses the large, shelf-indenting submarine canyon that 
presumably should have captured much of the drainage from northern Alaska. 
vi	
	


















 Ocean Circulation…………………………………………………………...…...11 
    
 Glaciation and Ice Extent………………………………………………………...13 
 






 Overall Drainage Patterns…………………………………………….…….........21 
 
 Southern Valley………………………………………………………………….22 
 
 Northern Valley…………………………………………………………….........24 
 
 Borderlands Valley……………………………………………………………....25 
 




 Paleodrainage Patterns…………………………………………………………...27 
 




Table of Contents Continued 
 
Northern and Borderlands Valleys…………………………………………….....30 











List of Figures 
 
Figure 1. Location Map…………………………………………………….……………46 
Figure 2. Meltwater Drainage Model…………………………………….……………...47 
Figure 3. Overall Ice Extent Map………………………………………….…………….48 
Figure 4. Southern Valley Chirp Profile One………………………….………………..49 
Figure 5. Southern Valley Chirp Profile Two…………………………….……………..50 
Figure 6. Overall Paleovalley Map……………………………………….…….……….51 
Figure 7. Southern Valley Location Map………………………………….….………....52 
Figure 8. Southern Valley Chirp Profile Three………………………………….……....53 
Figure 9.Fledermaus Image of Southern Valley……………….…………….…….........54 
Figure 10. Northern Valley Location Map…………………….………………..……….55 
Figure 11. Northern Valley Chirp Profile…………….………………………..………..56 
Figure 12. Fledermaus Image of Northern Valley………….……………….….……….57 
Figure 13. Borderlands Valley Location Map……………..……………….……...........58 
Figure 14. Borderlands Valley Chirp Profile……….………………………….….…….59 
Figure 15. Fledermaus Image of Borderlands Valley………………………..….…........60 
Figure 16. Barrow Valley Location Map……………………….………….…….……...61 
Figure 17. Barrow Valley Chirp Profile One……….....………………….…….……….62 
Figure 18. Barrow Valley Chirp Profile Two………………….………….……..……...63 
Figure 19. Barrow Valley Chirp Profile Three…………….…………….…..………….64 
Figure 20. Barrow Valley Chirp Profile Four…………………………….….….…........65 
Figure 21. Fledermaus Image of Barrow Valley One………………….……..………....66 
ix	
	
List of Figures Continued 
 
Figure 22. Fledermaus Image of Barrow Valley Two…………………….………...….67 
Figure 23. Paleodrainage Overall Map…………………………………….….………..68 
Figure 24. Barrow Valley Discharge Map……………………………………..……….69 
Figure 25. Fledermaus Image of Barrow Valley Three……………….……….……….70 
Figure 26. Barrow Valley Formation Interpretation One..……………………….…….71 
Figure 27. Barrow Valley Formation Interpretation Two………….……………..…….72 















Meters Below Sea Level (MBSL) 
 
North Atlantic Deep Water (NADW) 
 
Atlantic Meridional Overturning Circulation (AMOC) 
 
Thermohaline Circulation (THC) 
 
Years Before Present (YBP) 
 
Marine Isotope Stage (MIS) 
 
Last Glacial Maximum (LGM) 
 
United States Coast Guard Cutter (USCGC) 
 




Constructional Mound (CM) 
 








Numerous studies have focused on the role of the western Arctic Ocean in global 
ocean circulation and climate regulation (e.g., Aagaard and Carmack 1989, Broecker et 
al. 1989, Vermeiji 1991, Bacon 1998, Lohmann and Lorenz 2000, Jakobsson et al. 2014). 
The Chukchi Sea, is located in the western Arctic, between Siberia and Alaska, and 
covers a broad shallow continental shelf (Fig. 1). Freshwater input, from fluvial and 
glacial sources, is discharged from Northern Alaska and flows directly into the Chukchi 
Sea. During both glacial and interglacial periods, water masses from the Arctic Ocean 
flow into the North Atlantic and contribute to the Atlantic Meridional Overturning 
Circulation (AMOC), which drives deep water overturning in the Atlantic Ocean. 
Although Arctic Ocean water masses  are a key component of the AMOC, there have 
been relatively few studies of freshwater inputs to the surrounding continental shelves, 
and, in particular, the Chukchi Sea off the northwestern coast of Alaska. 
 
Ocean Circulation 
The continental shelf covered by the Chukchi Sea is part of the Bering Land 
Bridge and, as such, was repeatedly flooded during sea level highstands and exposed 
during lowstands (Miller et al. 2002).  During sea level highstands, the Arctic Ocean acts 
as a conduit for northward water mass exchange between the North Pacific and the North 
Atlantic Oceans. However, during lowstands when sea level falls 100 meters or more the 
Bering Land Bridge between Siberia and Alaska is exposed, severing the inflow from the 
Pacific Ocean. This disconnect reduces the input of low salinity Pacific water into the 
Arctic, which drives an overall increase in Arctic salinity, due to the formation of sea ice, 
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and causes oceanic circulation patterns to become noticeably altered (Durham and 
MacNeil 1967, Einarsson et al. 1967, Vermeiji 1991, Lohmann and Lorenz 2000, 
Jakobsson et al. 2014). During glacial periods, the more saline Arctic water flows out into 
the North Atlantic Ocean via the Labrador Current and collides with the steadily cooling 
Gulf Stream Current (Lohmann and Lorenz 2000). Deep convection of the discharge 
from the Labrador Sea mixes with other water masses to form the NADW; a colder, more 
saline NADW could alter the AMOC and cause a slowdown or shutdown of the 
thermohaline circulation (THC). A shutdown would impact the overall circulation and 
global climate such as, but not limited to, a global termination of overturning of deep-
water currents, rapid global climate fluctuations, and ocean anoxia (Broecker et al. 1990, 
Grove 2004, Broecker and Wallace 2006).  
Melting of large ice sheets can also be an important influence on ocean 
conditions, as this affects the amount of freshwater being discharged into the polar 
oceans. Pulses of meltwater injections, which result from periods of increased ice 
melting, are implied to have initiated rapid fluctuations in global climate. One example of 
this is the Younger Dryas, a brief cold period ~13,000 years before present (YBP), which 
interrupted a time of general global warming and lasted around 1200 years (Broeker et al. 
1989, Fairbanks 1989, Rasmussen et al. 2006, Tarasov and Peltier 2005, 2006). It was 
originally suggested that the discharge of meltwater from the North American and 
Canadian portion of the Laurentide ice sheet flowed into the North Atlantic via the St. 
Lawrence Valley (Broeker et al. 1989, Broecker and Wallace 2006), which would imply 
that the meltwater discharged directly into the Atlantic subpolar gyre, about 3000 km 
from the current deep-water formation region. Alternatively, Tarasov and Peltier (2005) 
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argued that the flow was instead routed to the western Arctic through the Mackenzie 
Valley, about 4000 km northwest of the St. Lawrence Valley (Fig. 2). In this scenario, the 
meltwater would have discharged through the Arctic Ocean, via the Beaufort Gyre, and 
flowed through the Fram Strait, directly into the two main deep-water formation regions. 
Both interpretations would have weakened the AMOC by discharging large amounts of 
cold, dense freshwater, which may have triggered the cooling during the Younger Dryas. 
Both of these interpretations were tested and, using a high-resolution coupled 
atmosphere-sea-ice ocean circulation model, Condron and Winsor (2012) found that the 
meltwater would have had a much larger impact if the discharge originated from the 
Mackenzie Valley and flowed into the western Arctic where the meltwater would have 
directly influenced the AMOC. The meltwater would have altered deep-water formation, 
which would have weakened the AMOC by more than 30%, compared to the 15% 
modeled for the St. Lawrence Valley discharge (Condron and Winsor 2012). Therefore, it 
is important to understand how and when there may have been changes to freshwater 
inputs in the western Arctic, especially during glacial periods, as the discharge can have a 
major impact on North Atlantic currents and overall global climate. Therefore, research 
of past ice cover in the Arctic Ocean and surrounding areas during the last two 
glaciations is necessary to understand the change in global circulation patterns. 
 
Glaciation and Ice Extent 
 The ice extent in the Arctic during the last two glaciations has been widely 
debated over the past five decades (Fig. 3) (Mercer 1969, 1970; Hughes et al. 1977, Clark 
1980, Vogt et al. 1994, Hughes 1995, Spielhagen et al. 1997, Grosswald and Hughes 
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1999, Brigham-Grette 2001, Polyak et al. 2001, Dyke et al. 2002, Grosswald and Hughes 
2002, Brigham-Grette et al. 2003, Brigham-Grette et al. 2004, Hill et al. 2007, Polyak et 
al. 2007, Hill and Driscoll 2008, Jakobsson et al. 2008, Hill and Driscoll 2010, Niessen et 
al. 2013, Niessen et al. 2015, Jakobsson et al. 2016). Although the Arctic was largely 
inaccessible to research vessels due to sea ice, which restricted research operations in the 
region, a significant amount of work was conducted onshore (Speilhagen et al. 1997, 
Brigham-Grette 2001, Dyke et al. 2002, Brigham-Grette et al. 2003, Brigham-Grette et al. 
2004). Early theories suggested the existence of an ice shelf that covered that entire 
Arctic Ocean during the Late Pleistocene glacial period using the presence of the 
Antarctic ice shelf as an analogy to support its existence (Mercer 1970, Hughes et al. 
1977). The Antarctic ice shelf details the two factors needed for shelf formation: low 
summer air temperature and low water temperatures (Mercer 1969). Summer air 
temperature during the Late Pleistocene glacial period was assumed to have been much 
colder than the current climate by as much as 6oC (Shackleton 1967). Mercer (1969) 
argued that if small ice shelves can currently form off the northern coast of Ellesmere 
Island, which is located directly off the northwestern coast of Greenland, then, despite the 
summer air temperature, an Arctic Ice Shelf would have be able to form during the colder 
glacial period. Also, lower water temperatures would be possible during the Late 
Pleistocene glacial period as the Labrador Current and Gulf Stream Currents are proposed 
to have been much cooler, which would facilitate the formation of an Arctic ice shelf 
(Mercer 1969). However, these ideas were not well accepted at the time.  
Despite earlier suggestions of a large Arctic ice shelf, subsequent research has 
indicated limited ice cover in the western Arctic, largely based on terrestrial records 
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(Speilhagen et al. 1997, Brigham-Grette 2001, Dyke et al. 2002, Brigham-Grette et al. 
2003, Brigham-Grette et al. 2004). Large ice sheets covered much of northern Canada, 
Eurasia, and Greenland, but there was presumed to be limited glaciation in eastern 
Siberia and northwest Alaska (Dyke et al. 2002). Terrestrial observations of the western 
Arctic through soil sampling, as well as mapping and dating glacial landforms (e.g. 
moraines, striations, and till), found glaciation in the western Arctic to be limited to 
alpine regions with no evidence of increased ice cover (Brigham-Grette 2001, Brigham-
Grette et al. 2003, Brigham-Grette et al. 2004). Limited glaciation indicated by a lack of 
moisture suggest that the formation of an ice shelf over the Arctic Ocean during the Late 
Pleistocene glacial period to be unlikely (Donn and Ewing 1966, Barber and Finney 
2000).  
Recent warming of the Arctic has caused significant reduction in sea ice cover 
and allowed more expeditions to investigate the regional geology and climate history 
from the marine realm. This has provided new information about the history of the 
western Arctic that was not available before from terrestrial studies alone. Recent 
geophysical research has identified several glacial landforms on and below the seafloor 
(e.g., Polyak et al. 2001, Jakobsson et al. 2005, Hill et al. 2007, Polyak et al. 2007, Hill 
and Driscoll 2008, Jakobsson et al. 2008, Hill and Driscoll 2010, Niessen et al. 2013, 
Dove et al. 2014). The features suggest that ice cover in the region may have been more 
extensive and more complex than previously thought during several of the most recent 
glaciations. Hill et al. (2007) as well as Hill and Driscoll (2008, 2010), have suggested 
discharge of both meltwater and icebergs to the Chukchi shelf, which may have been 
sourced from the northwest Alaskan margin, based on evidence from extensive 
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paleochannel networks and iceberg scours across the outer shelf (Fig. 3). Subsequently, 
Dove et al. (2014) and Niessen et al. (2013) have provided evidence of widespread 
glacial erosion (e.g., glacial tills, till-like sediment, and mega-scale glacial lineations) that 
have been discovered on the outer Chukchi shelf and slope, as well as on the nearby 
Chukchi Borderlands (Dove et al. 2014). Niessen et al. (2013) observed similar 
glacigenic landforms along the East Siberian continental margin as well (Fig. 3). 
Most recently, using geophysical mapping techniques, ice-grounding paths were 
located on the seafloor of the central Arctic Ocean and were dated to marine isotope stage 
(MIS) 6, 191,000-130,000 YBP (Jakobsson et al. 2016). Building upon the initial Mercer 
(1969, 1970) and Hughes et al. (1977) assertions, as well as more recent publications 
(e.g., Clark 1980, Vogt et al. 1994, Hughes 1995, Spielhagen et al. 1997, Grosswald and 
Hughes 1999, Polyak et al. 2001, Grosswald and Hughes 2002, Polyak et al. 2007, 
Jakobsson et al. 2008, Niessen et al. 2013, Niessen et al. 2015) Jakobsson et al. (2016) 
presents evidence of ice grounding in the center of the Arctic Ocean that suggests that 
there may have been a kilometer-thick ice shelf that covered much of Arctic Ocean 
during MIS 6 (Fig. 3). Along with the observed onshore glacial features, the combination 
of terrestrial and marine research is still developing an understanding of the ice cover 
during the last two glaciations. While new evidence points to the existence of an ice shelf 
that covered the Arctic Ocean during MIS 6 there is still much debate about the ice extent 






Paleovalley and Paleochannel Formation 
During the Last Glacial Maximum (LGM), 21,000 to 18,000 YBP, sea level was 
around 125 meters below present and a majority of the Chukchi shelf was exposed 
(Lambeck et al. 2014). Rivers from northwestern Alaska cut across the exposed shelf, 
which is thought to be Cretaceous in age, incising channels and valleys that could be 
anywhere from a few meters to several kilometers wide, depending on the discharge 
volume of the river (Hill and Driscoll 2010). Once the climate began to warm up again, 
the shelf was flooded and the channels back-filled with terrigenous sediment, with the 
remaining cavities subsequently draped with marine infill (Hill et al. 2007, Hill and 
Driscoll 2010). 
In 2002, Hill et al. collected Chirp data aboard the USCGC Healy that provided 
detailed seismic images that revealed evidence of multiple, overlapping channels within a 
single valley, which is likely a result of repeated sea level rise and fall. Several core 
samples were also collected and provided enough material to date the sample. 
Radiocarbon dating revealed that the last major sediment deposition occurred about 
18,000-14,000 YBP, during the last sea level rise (Hill et al. 2007). Using this 
information and the law of superposition, assumptions about the ages of the older 
sediment could also be made.  
Published research by Hill et al. (2007) as well as Hill and Driscoll (2008) 
focused on the sea level history of the Southern Valley, located on the mid-shelf in the 
western portion of the Chukchi Sea (Figs. 4 and 5). The channel was divided into six 
units and defined by three valley incisions, two additional incisions, and two flooding 
surfaces. The oldest channel was termed valley incision zero (VI-0) followed by two 
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other valley incisions and multiple channels. VI-0 and Unit 0 is thought to have formed 
during sea level fall and sea level rise, respectively, in MIS 12 but could be much older 
(Hill et al. 2007, Hill and Driscoll 2008). VI-1 and Unit 1 were interpreted to have been 
formed during sea level fall and rise, respectively, in MIS 6 while VI-2, Unit 2, Unit 3, 
and Unit 4 correspond to the sea level fall and rise, respectively, during LGM. The 
Kukpowruk, Kokolik, and the Utukok Rivers all feed into the Chukchi Sea from the 
northwest border of Alaska and may be the source of this drainage, although these 
modern rivers appear much smaller than their offshore counterparts (Hill et al. 2007, Hill 
and Driscoll 2008). Typically fluvial incision and downcutting occurs during sea level 
fall; however, dates from the core samples along with stratigraphic correlations suggest 
Incisions Three (I-3) and Four (I-4) were eroded during the most recent sea level rise 
(Hill et al. 2007, Hill and Driscoll 2008). This implies there must have been either a 
decrease in sediment supply, an increase in discharge or a combination of both to produce 
the observed incision patterns (Dalrymple et al. 1994). Since sedimentation rates appear 
to have increased during the late Holocene (Keigwin et al. 2005) I-3 and I-4, most likely 
the result of a glacial outburst floods (Hill et al. 2007, Hill and Driscoll 2008). This 
implies the alpine glaciers present on the Brooks Range of northern Alaska may have 
been much larger than previously thought, such that glacial lake damming and 
subsequent outburst floods could have created meltwater pulses with enough discharge to 
create the observed incisions during sea level rise (Hill et al. 2007, Hill and Driscoll 
2008). The Kokolik and Utukok rivers are small compared to the size of their respective 
valleys but the Kukpowruk has a narrow valley that is assumed to be the result of more 
resistant bedrock. The large width of the valleys may be a result of the meltwater 
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discharge flowing through the areas from the Brooks Range; however, more physical data 
is needed to prove this claim (Hill et al. 2007, Hill and Driscoll 2008). 
An alternative explanation for I-3 and I-4 was presented by Dove et al. (2014), 
which suggested that the some of the features interpreted by Hill et al. (2007) as 
meltwater discharge channels could instead be tunnel valleys formed by meltwater flows 
beneath a possible ice sheet located on the Chukchi shelf. When the ice shelf retreated 
and sea level rose, the tunnel valleys would have filled with marine sediment and created 
features similar to those observed within I-3 and I-4. This hypothesis was initially 
proposed by Hill et al. (2003), but there was not enough evidence to support it at the time. 
New research from the outer Chukchi shelf now shows erosional channels at water depths 
greater than 300 m (i.e. too deep for fluvial incision) that may be related to glacial shelf 
ice and linked to the mid-shelf meltwater incisions described by Hill and Driscoll (2008) 




 Nine Chirp subbottom data sets, with almost 5000 profiles acquired aboard the 
USCGC Healy, were obtained from the NOAA National Centers for Environmental 
Information. The data were loaded into IHS Kingdom Suite software for interpretations 
of the seafloor, paleochannels, and paleovalleys using the horizon-mapping feature within 
the software. The paleovalley and paleochannel horizons were subtracted from the 
seafloor horizon to calculate the width and depth of the identified valley crossings. These 
data sets were then brought into the ArcGIS and QPS Fledermaus software where the 
geometry and channel infill of the paleovalleys was used to distinguish distinct 
paleodrainage networks and assess potential connections with modern river systems. 
Differences in infill type and erosional pattern were also used to determine between 
fluvial or glacial origins for these valleys. Using previous research as a guide, the 
paleovalleys were divided into units by classifying the facies formational environment 
and other information gained from the paleovalley was used to interpret the environment 












Overall Drainage Patterns 
Four paleodrainage valleys have been identified from the Chirp subbottom data 
collected across the eastern Chukchi shelf: Southern Valley, Northern Valley, 
Borderlands Valley, and Barrow Valley (Fig. 6). The Southern, Northern, and 
Borderlands Valleys are oriented perpendicular to the northwestern Alaska coast, flowing 
northwest across the shelf. However, Barrow Valley appears to be oriented NNW, 
parallel to Barrow Canyon which is a submarine canyon with a depth of almost 370 m, 
located between the Chukchi and Beaufort seas. No paleodrainage valleys were identified 
along the Kotzebue Sound and Hope Valley. The paleovalleys incise folded Cretaceous 
bedrock and are composed of nested channels that have similar geometry and sediment 
infill patterns. Transects across the paleovalleys suggest a maximum width of 30 km 
(within the Borderlands Valley) and a maximum incision depth of 54 m below the 
seafloor (the Southern Valley). Numerous (>550) smaller, individual channels also have 
been identified, with less than 100 of the paleochannels identified near the Kotzebue 
Sound and Hope Valley. The individual channels are so much smaller than the 
paleovalleys with a max width of 10 km and channel shape ranges from symmetrical to 
asymmetrical. However, in some cases the measured widths of the channels or 
paleovalleys may be greatly exaggerated due to possible oblique ship crossings. All of the 
paleovalleys are overlain by laminated infill that drapes across the most recent 
transgressive surface and the infill was identified as Unit 6 by Hill et al. (2007, 2008). 
Unit 6 appears to be distributed across a majority of the continental shelf but is thickest 
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near the shelf edge. In many cases, Unit 6 has been disturbed by small (<100 m wide), v-
shaped incisions.  
 
Southern Valley 
The Southern Valley is located on the mid-Chukchi shelf, northeast of Hanna 
Bank in water depths of 45-55 m and is about 150 km from the Utukok River (Fig. 7). 
The valley flows northeast across the shelf, deepening from less than 10 meters below the 
seafloor (mbsf) nearshore to as much as 54 mbsf on the most offshore crossing.  Several 
channels appear to converge 200 km offshore, forming a broad valley that is up to 25 km 
wide on the midshelf. 
This research is a considerable extension of the work done by Hill et al (2007) as 
well as Hill and Driscoll (2008) (Figs. 4 and 5). Hill et al. (2007) and Hill and Driscoll 
(2008) examined the individual incisions and infill within the paleovalleys, while this 
research focused on the overall paleodrainage observed across the western Chukchi 
margin. The original study focused on a limited series of Chirp subbottom profiles 
collected on the mid to outer Chukchi shelf. Since that time, several additional profiles 
have been acquired by various research cruises across the area to allow a more 
comprehensive investigation of paleodrainage patterns across the Chukchi shelf (Figs. 8 
and 9). In the original study by Hill et al. (2007, 2008) the data was collected almost 200 
km from the mouth of the modern Kokolik River on the northwestern coast of Alaska, 
while new data shows that the valley extends at least 70 km closer to the present 
shoreline. The new data sets also allow the valley to be traced farther offshore, increasing 
the overall length of the valley from 40 km to almost 120 km long. Using the units that 
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were previously identified by Hill et al. (2007) and Hill and Driscoll (2008), the Southern 
Valley contains Units: 0, 1, 2, 3, 4, 5, and 6 (Figs. 4, 5 and 8). Unit 0 is acoustically 
transparent and appears to infill the oldest incision (VI-0) within the valley. The Unit is 
mainly observed in offshore profiles. Unit 1 is composed of low amplitude sediment that 
is laminated near the base and transitions upwards into more irregular stratigraphy with 
small v-shaped incisions. The Unit is distributed across the valley and increases to 21 m 
thick across the midshelf. Unit 2 is composed of high amplitude, complex infill made up 
of numerous crosscutting channels that contain evidence of lateral accreting sets and 
other characteristic fluvial features. This Unit appears discontinuous nearshore but is 
found uninterrupted further offshore and thickens from 10 m to 25 m offshore. Units 3, 4 
and, 5 are made up highly reflective, acoustically laminated, draped sediment that 
appears to infill deep (up to 54 mbsf), nested channels cut into the bedrock by incisions I-
3 and I-4 (Hill and Driscoll, 2008). Similar to Unit 2, the Units are first observed almost 
200 km off the coast. These Units are found adjacent to a large (2 km wide, up to 11 m 
tall) feature that contains evidence of downlap and was interpreted as a constructional 
mound (CM) by Hill and Driscoll (2008). When Hill and Driscoll (2010) first observed 
the CM, the limited amount of profiles prevented a definite outline of the feature; 
however, the new data shows that the CM extends along the valley for about 30 km (Fig. 
9). While Hill and Driscoll (2008) only had two profiles that contained all six units and 
the constructional mound, the new data provides an additional six profiles that display a 
majority of Units 3, 4, 5, in addition to the constructional mound (Fig. 4, 5, 8 and 9). The 
profiles display how the channel widens to 20 km and deepens from almost 15 m to 54 m 
as it extends across the midshelf. Unit 6 is observed across the entire valley with a 
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Located 33 km north of the Southern Valley, the Northern Valley is observed in 
water depths of 35-55 m on the mid- to outer-Chukchi shelf and is about 150 km from the 
Utukok River (Fig. 10). The valley extends northeast and is perpendicular to the coast for 
almost 130 km with valley depth increasing from 30 mbsf to almost 53 mbsf as the 
channel extends offshore. The valley width also broadens from less than 15 km near the 
coast to 20 km as the valley crosses the midshelf. Unit 6 is observed across the entire 
valley and has a maximum thickness of 10 m. 
The Northern Valley was also originally identified by Hill and Driscoll (2008) 
and the valley contains three distinct units: Units N, N1 and 6 (Fig. 11). Unit N contains 
undifferentiated channel infill that is acoustically transparent at the bottom and transitions 
upward into laminated sediment. The Unit is truncated by multiple nested channels that 
are also disrupted by v-shaped erosional features. Unit N is found throughout the valley 
and thickens from almost 30 m to almost 51 m as it crosses the shelf. Unit N1 is a single 
channel first described by Hill and Driscoll (2008) as containing well laminated sediment 
with internal geometry that appears to thicken to the north and includes an inclined 
sediment wedge. The N1 channel is located within Unit N and, like many of the other 
channels found on the shelf, the layering in the upper section of Unit N1 appears to have 
been disrupted by irregular, v-shaped erosional features. N1 is first observed almost 200 
km off the coast and considerably thickens from less than 15 m to 48 m. Unit 6 is 
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observed across the entire valley with a maximum thickness of 10 m and has been 
disturbed by small (<100 m wide), v-shaped incisions (Fig. 12) 
 
Borderlands Valley 
The Borderlands Valley is the westernmost observed valley, located 25 km to the 
east of Hanna Bank and in water depths of 40-60 m (Fig. 13). Compared to the other 
valleys, Borderlands Valley is the most offshore valley, located 230 km offshore of 
Wainwright Inlet. The valley appears to be relatively sinuous and meanders 200 km 
across the shelf until it approaches Herald Canyon at the shelf-edge. A majority of the 
onshore channels within Borderlands Valley are less than 10 km wide, however offshore 
the valleys widens to 30 km wide with a depth of 51 mbsf.  
The Borderlands Valley contains three distinct Units: Bo, Bo-1, and 6 that appear 
similar to the facies identified in the Northern Valley (Figs. 14). Unit Bo contains 
undifferentiated channel infill with acoustically transparent sediment that transitions 
upward into faintly laminated sediment. This Unit appears discontinuous nearshore but is 
found uninterrupted further offshore and thickens to almost 45 m as it approaches Herald 
Canyon. Unit Bo-1 is a series of nested channels that truncate Unit Bo and are infilled 
with laminated sediment that displays internal geometry as it transitions upward that have 
V-shaped, erosional features also disrupt the Unit just below the seafloor. The Unit is 
observed across the entire valley and remains around 25 m thick throughout. Unit 6 is 
observed across the entire valley with a maximum thickness of 10 m and has been 





Barrow Valley is also the northeastern most valley and flows parallel to Barrow 
Canyon in water depths of 44-62 m (Figs. 16). Barrow Valley is also the closest valley to 
the coast at only 75 km from the Kuk River, and covers a wide area, with a north-
northwest width of 70 km and a north-northeast length of 145 km. While the valley is 
composed of multiple channels distributed across the wide area it is the narrowest and 
shallowest of the identified paleovalleys, with a maximum width and depth of 16 km of 
23 mbsf respectively. Due to the sinuosity of the valley and the similarities between the 
seismic profiles, the flow direction has been tentatively determined as NNE. 
Barrow Valley contains three units: Ba, Ba-1, and 6 (Figs. 17, 18, 19, and 20). 
Unit Ba contains more chaotic infill with no discernable internal reflectors. The Unit is 
spread across the shelf but is most abundant in the middle of the valley where it is almost 
21 m thick. Unit Ba-1 is a single channel that is observed within Unit Ba and contains 
high amplitude acoustically laminated infill that shows some internal geometry in the 
more southern profiles. This Unit is parallel to the opening of Barrow Canyon and is 
distributed across the region but thickens to 18 m at the center of the valley. Unit 6 is 
observed across the entire valley with a thickness of less than 10 m and has been 
disturbed by small (<100 m wide), v-shaped incisions. Unit 6 is distributed across a 
transgressive surface that truncates the deeper Units, yet, in this paleovalley the 
transgressive surface shows up to 4.5 m of notably negative erosional relief, whereas 







The presence of four large paleovalleys, as well as numerous individual 
paleochannels, suggests that drainage channels have repeatedly incised the Chukchi 
Margin during the Cenozoic (Fig. 6). The Units contained within the paleovalleys are 
made up of multiple nested channels that indicate several cycles of sea level rise and fall. 
Most of the fills within the paleodrainage features appear to have fluvial characteristics 
that are indicative of rivers back-filling the channels as the continental shelf flooded 
during sea level rise. There are also profiles that appear to contain draped sediment, 
indicative of marine infill, which occurs when sea level rises quickly and the fluvial infill 
cannot completely fill the channel, resulting in cavities that the marine sediment infills. 
Currently, there are multiple fluvial systems that drain the western Brooks Range 
of northern Alaska. The Colville River, which is the main fluvial system within the North 
Slope of Alaska, flows east and is parallel to the Brooks Range where it captures a 
majority of the North Slope drainage before discharging into the Beaufort Sea. There are 
other, smaller rivers that drain the North Slope as well including the Kokolik, Kuk, 
Kukpowruk, and Utukok, which flow northwest into the Chukchi Sea (Fig. 23). These 
four rivers are just offshore from the paleodrainage features and stand out because of 
their alignment to the paleovalleys identified on the Chukchi shelf. The Kokolik, 
Kukpowruk, and Utukok Rivers were interpreted by Hill et al. (2007) as well as Hill and 
Driscoll (2008) as possible sources for the Southern, Northern, and Borderlands Valleys, 
with this research including the Kuk River, which is suggested to have possibly sourced 
the Barrow Valley. The bathymetry of the Chukchi Sea surrounding the paleovalleys 
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prevents discharge originating from Siberia with the northwestern Alaskan coast as the 
most probable source.  
The current drainage of northern Alaska flows east with the Kotzebue Sound as 
the main discharge location. Past research suspected that the major drainage direction 
during past sea levels would continue to be flow east (McManus et al. 1983), however, 
more than 800 paleodrainage features were identified off the northwestern coast 
compared to the less than <100 observed near Hope Valley and Kotzebue Sound (Fig. 6). 
The large number of paleodrainage features indicates that the discharge in northern 
Alaska must have been much greater in the past to create the extensive paleovalleys and 
numerous paleochannels identified off the northwestern coast of Alaska. This indicates 
that more drainage once flowed across the northern shelf and that a majority of the 
discharge flowed NNW during the past sea level cycles. This would confirm the 
interpretation by Hill and Driscoll (2008) that Hope Valley was not the primary source of 
discharge during the LGM as previously thought (McManus et al. 1983). The current 
northwestern river system is northern Alaska is mainly limited to the Kokolik, 
Kukpowruk, and Utukok Rivers. The large number of paleodrainage features indicates 
that the discharge in northern Alaska must have been much greater in the past in order to 
create the extensive paleovalleys and numerous paleochannels identified off the 
northwestern coast of Alaska. 
 
Southern Valley 
While initial observations traced the Southern Valley for 40 km across the mid 
Chukchi shelf (Hill et al. 2007, Hill and Driscoll 2010), new data presented here now 
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show the valley extends across the midshelf for almost 120 km. This length, coupled with 
the large width (25 km) and the multiple nested valley incisions, indicates that the 
Southern Valley was repeatedly the focus of paleodrainage during past sea level cycles.  
The profiles that contain I-3 and I-4 observed by Hill et al. (2007) and Hill and 
Driscoll (2008) exhibit steep sides that cut up to 54 m into the bedrock and contain nested 
channels, which indicate reoccupation (Fig. 9). The profiles that contain I-3 and I-4 
observed in this research appear to have a range of gentle to steep sides and cut only 24 m 
into the bedrock (Figs. 8 and 9). The shallow depth of the incisions could also be an 
evidence of the incisions within smaller, individual rivers before coalescing into the 
deeper valley. 
In previous research I-3 and I-4 have been interpreted as incisions due to 
meltwater from a glacial outburst floods (Hill et al. 2007, Hill and Driscoll 2008) or the 
result of a tunnel valley (Dove et al. 2014) (Figs.4 and 5). Hill et al. (2007) and Hill and 
Driscoll (2008) proposed increase glacial extent in northern Alaska and Dove et al. 
(2014) suggested the existence of an ice sheet that covered the midshelf. The high 
discharge of meltwater pulses creates a deep incision with steep banks, while tunnel 
valleys are deep and often have a U-shaped channel with a flat base (Jorgensen and 
Sandersen 2006). Many of the profiles in the Southern Valley that are closer to shore 
appear to have a U-shaped valley, which is a characteristic of a tunnel valley. However, 
profiles further offshore have asymmetrical channels with an irregular base, which could 
be a result of the considerable discharge that is rapidly released by a meltwater pulse 
from a glacial outburst flood, as the rapid discharge period prevents long-term erosion 
that would flatten the base. Therefore, it is difficult to distinguish between these two 
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hypotheses with the available data. However, both theories imply that there may have 
been significantly more ice cover across northwestern Alaska than previously thought.  
 
Northern and Borderlands Valleys 
The Northern and Borderlands Valley both display a large, acoustically laminated 
channel across the midshelf, represented by Units N1 and Bo-1, respectively. Units N1 
and Bo-1 are contained within a larger valley made up of smaller, nested channels that 
are interpreted as undifferentiated fluvial fill as seen within Units N and Bo (Fig. 12 and 
15). Unit N1 was originally interpreted by Hill and Driscoll (2008) as having a similar 
acoustic character to Unit 1 of the Southern Valley, indicating that these Units may 
represent similar fluvial processes from the same time period (Figs. 11 and 14). Hill and 
Driscoll (2008) also interpreted Unit 1 as deposited during MIS 6, which would suggest 
that Units N1 and Bo-1 were formed during this period as well. This would suggest that 
Units 0, N, and Bo, which also have similar characteristics, may also share a common 
fluvial process history (Figs. 4, 5, 11, and 14). Unit 0 was interpreted as MIS 12 or older 
fluvial infill by Hill and Driscoll (2008), which indicates that Units N and Bo may have 
been formed during this period as well. This would imply that the Southern, Northern and 
Borderlands Valley were all discharging during MIS 12 as well as MIS 6. However, 
during the LGM, the Southern Valley appears to have been the primary drainage route, as 
there does not appear to be a corollary to the LGM-aged Unit 2 in either the Northern or 
Borderlands Valleys. If this interpretation is correct, it would indicate that the fluvial 






The Barrow Valley is the shallowest paleovalley observed on the Chukchi shelf, 
with incisions less than 25 mbsf. The paleovalley contains Unit Ba-1, which is filled with 
high amplitude, acoustically laminated infill that is draped in some profiles, suggesting a 
hemiplegic marine origin, but also appears to have internal geometry in others, which 
might indicate that of a fluvial infill (Figs. 17, 18, 19, and 20). Unit Ba-1 is located 
within Unit Ba, which displays very few characteristic fluvial structures and is generally 
transparent or chaotic, with little discernible structure, making it difficult to interpret 
(Fig. 24). Unit Ba is clearly older than Unit Ba-1, given their stratigraphic relationship; 
however, in the absence of sediment samples or additional more detailed crossings of 
these two units, there are several possible interpretations of the infill history, since the 
formation history cannot be distinguished given the available data: (1) Unit Ba-1 has a 
similar acoustic appearance to Unit 0, observed in the Southern Valley, which has been 
interpreted as MIS 12 or older fluvial infill (Hill and Driscoll 2008). Focusing on portions 
of Unit Ba where there appears to be internal geometry and inclined beds, which are 
suggestive of lateral accreting sets imply that Unit Ba-1 may also be fluvial infill, 
associated with a subsequent channel incision, possibly from MIS 6 or MIS 2; (2) Unit 
Ba may be interpreted as older fluvial infill as described above, while alternatively Unit 
Ba-1 may be interpreted as marine infill, based on similarities of the acoustic character 
with Units 3, 4 and 5 of the Southern Valley. These latter Units have been interpreted as 
marine infill following either high discharge meltwater incisions cut during the most 
recent sea level rise (Hill and Driscoll 2008), or as the result of flooded tunnel valleys 
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formed under an ice shelf (Dove et al. 2014). If the same meltwater discharge events that 
created I-3 and I-4 in the Southern Valley were also associated with the incision infilled 
by Unit Ba-1, this would imply a post-LGM age for Unit Ba-1, based on interpretation of 
sediment cores derived from the Southern Valley (Hill and Driscoll, 2008); (3) given the 
lack of internal reflectors within Unit Ba, this deposit also could interpreted as a glacial 
till that infilled ice groundings. The chaotic acoustic character of the deposit may be the 
result of poorly sorted, unconsolidated sediment that scatters the acoustic energy. This 
would imply the presence of a large ice shelf that impinged upon the Chukchi margin, as 
proposed by Jakobsson et al. (2016) for MIS 6 or the reappearance of a later ice shelf in 
the LGM, since the timing of this deposit is unknown. As noted above, similar to Units 3, 
4, and 5 of the Southern Valley, Unit Ba-1 could then be interpreted as a meltwater 
drainage channels or as a shallow tunnel valley given the U-shaped incision and marine 
infill. 
Barrow Valley is 70 km from the northern Alaska coast and is observed adjacent 
and parallel to Barrow Canyon, which is a large, shelf-indenting submarine canyon that 
presumably should have captured much of the drainage from northern Alaska during sea 
level lowstands (Fig. 24). Interestingly, channels associated with Barrow Valley appear 
to flow around the head of Barrow Canyon, and then parallel to the Canyon for about 60 
km before reaching the shelf-edge or coalescing into the outermost portion of Barrow 
Canyon. The apparent route of Barrow Valley, bypassing the neighboring Barrow 
Canyon, suggests that the Canyon may have been obstructed during the period of Barrow 
Valley incision, causing discharge to be re-routed around the Canyon.  
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Previous research has suggested the existence of an Arctic Ice Shelf during MIS 6 
(Fig. 3) (Vogt et al. 1994, Grosswald and Hughes 1999, Polyak et al. 2001, Polyak et al. 
2007, Jakobsson et al. 2008, Niessen et al. 2013, Niessen et al. 2015, Jakobsson et al. 
2016). If this MIS 6 Arctic Ice Shelf extended into Barrow Canyon, this may have been 
source of obstruction, such that rivers associated with Barrow Valley were forced to flow 
around the ice during this time. However, if this were the case, it is not clear why the ice 
shelf may have solely impinged upon Barrow Valley, leaving the neighboring shelf ice-
free for the Barrow Valley to form. It is also possible that Barrow Valley may be much 
younger. Hill and Driscoll (2010) found evidence of heavily scoured seafloor off the 
northeast edge of the Chukchi Shelf, with numerous iceberg scours dating to the Younger 
Dryas. Ice-rafted debris from sediment cores within these scours appears to correspond to 
the northern Alaskan margin, which suggests a massive iceberg discharge event that may 
have been sourced from Barrow Canyon (Hill and Driscoll 2010). These icebergs may 
have clogged Barrow Canyon such that Barrow Valley subsequently formed when 
meltwater pulses from deglaciation flowed across the shelf and around the iceberg 
blockage. 
On several of the profiles across the Barrow Valley there also appears to be a 
negative relief of up to 4.5 m on the transgressive surface, which truncates Units Ba and 
Ba-1 (Fig. 25). Generally the transgressive surface is expected to be relatively flat, due to 
the back and forth motion of wave action. Therefore, the relief seen on the transgressive 
surface suggests that there may have been an additional source of erosion within the 
valley during sea level rise, possibly from an ice shelf or other glacial feature, and that 
this erosion post-dates the Ba and Ba-1 infill events. 
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Keeping this in mind, if both Units Ba and Ba-1 within Barrow Valley are older 
than MIS 6, then the relief on the transgressive surface could be the result of the MIS 6 
Arctic Ice Shelf as it extended into Barrow Canyon (Fig. 26). If, instead, Unit Ba-1 
corresponds to fluvial or marine infill after MIS 6, then this implies the relief on the 
transgressive surface is younger, either the result of a late re-advance of the MIS ice shelf 
or associated with glacial processes during MIS 2 or later (Fig. 27).    
An alternate interpretation is that Unit Ba may have infilled after the MIS 6 Arctic 
Ice Shelf retreated, which would suggest that Unit Ba-1 was infilled between then end of 
MIS 6 and MIS 2. Subsequently, the negative relief on the transgressive surface was 
eroded after the infill of Ba-1, which could be as recent as MIS 2. This interpretation is 
based upon the observation that the most recent infill in Barrow Valley is Unit 6, which 
was interpreted as post-transgressive Holocene sediment by Hill et al. (2007) and Hill and 
Driscoll (2010), and is identified in all paleovalleys across the Chukchi Shelf. Unit 6 is 
evenly distributed across Barrow Valley and infills the relief created by the erosion on the 
transgressive surface. If the negative relief on the transgressive surface was carved after 
MIS 2 it would resolve why there is not a more recent transgressive erosional surface 
observed above the relief and indicates that there has not been an erosional event since 
Unit 6 was deposited. Therefore, if Unit Ba coincided with MIS 6 there are additional 
interpretations to consider.   
If both Unit Ba and Unit Ba-1 correspond to fluvial infill, this would imply that 
Barrow Valley was obstructed once during MIS 6, most likely by the Arctic Ice Shelf, 
and again afterwards, possibly by the iceberg blockage during the Younger Dryas (Fig. 
27). The relief on the transgressive surface would then be dated to after the Younger 
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Drays and could be the result of a meltwater pulse scouring Barrow Valley. If only Unit 
Ba is interpreted as fluvial infill, then Unit Ba-1 could have infilled after a meltwater 
pulse incised Barrow Valley during MIS 2, similar to what was observed in the Southern 
Valley (Figs. 3a, 6a, and 8a). This would suggest that the relief on the transgressive 
surface was eroded after MIS 2, possibly by a meltwater pulse.  However, if Unit Ba is 
interpreted as glacial till, then the Unit could be the result of the MIS 6 Arctic Ice Shelf 
scouring the shelf and pushing glacial sediment into the resultant ice groundings (Fig. 
28). Moreover, if Unit Ba-1 was infilled with marine sediment at the end of MIS 6 this 
would suggest that the channel may have been a tunnel valley that was infilled after the 
retreat of the ice shelf. If the Arctic Ice Shelf extended onto the Chukchi Shelf then it 
most likely would have covered the northeastern Chukchi Shelf, including Barrow 
Canyon as well as Barrow Valley, which addresses the complication that the ice shelf 
only impinged Barrow Canyon. The relief on the transgressive surface could be the result 
of a meltwater pulse during MIS 2, similar to the one observed in the Southern Valley. 
Unit 6, has been interpreted as post-transgressive Holocene sediment, and would then 
infill the relief observed on the transgressive surface. While there are other possible 
interpretations this author proposes that (Fig. 28): (1) The Ba incision was carved as the 
Arctic Ice Shelf impinged on the north northeast edge of the Chukchi Shelf during MIS 6, 
Unit Ba is glacial till that was transported by the MIS 6 Arctic Ice Shelf and infilled the 
ice groundings created by the ice shelf, (2) The Ba-1 incision was the result a tunnel 
valley that formed while the MIS 6 Arctic Ice Shelf covered the north northeast edge of 
the Chukchi Shelf, Unit Ba-1 is marine sediment that infilled the incision after the MIS 6 
Arctic Ice Shelf retreated and sea level began to rise, (3) The relief on the transgressive 
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surface is the result of a meltwater pulse that occurred during the Younger Dryas and, due 
to icebergs obstructing Barrow Canyon, the discharge was forced to flow through the 
Barrow Valley, eroded the transgressive surface with Unit 6 infilling the negative relief.  
All of these interpretations indicate that that Barrow Valley was formed by a 
combination of fluvial and glacial processes, which suggests the existence of the Arctic 
Ice Shelf extending into the Chukchi Shelf. The discovery of the MIS 6 Arctic Ice Shelf 
opens up the discussion about the possibility of additional ice shelves in the Arctic during 
other sea level cycles, due to the large amount of land surrounding the Arctic Ocean 
(Jakobsson et al. 2016). This could indicate that the features seen within Barrow Valley 

















The identification of four paleovalleys and numerous paleochannels suggest that 
paleodrainage has repeatedly incised the Chukchi margin. The large size of the 
paleovalleys indicate that a majority of the discharge flowed NNW during the past sea 
level cycles, unlike the current drainage direction which flows mainly east. The Southern, 
Northern, and Borderlands Valley all flow perpendicular to the northwest coast of Alaska 
across the Chukchi Shelf and appear to have been sourced by the Kokolik, Kukpowruk, 
and Utukok Rivers on the NW Alaskan margin. The Northern and Borderlands Valleys 
were both interpreted to be created entirely by fluvial processes; however, the Southern 
and Barrow Valleys appear to have been formed by both fluvial and glacial processes. 
Previous interpretations suggested that portions of the Southern Valley were carved by 
high-discharge glacial outburst floods (Hill et al., 2007; Hill and Driscoll, 2008) or tunnel 
valleys (Dove et al., 2014). New research presented here confirms that both of these 
hypotheses are plausible, implying there may have been additional sources of ice sheet 
buildup during recent glaciation that have not been fully explored. The newly discovered 
Barrow Valley also exhibits several intriguing features that suggest significant glacial 
influence across this portion of the margin as well. The orientation of Barrow Valley, 
parallel to Barrow Canyon, along with the relief on the transgressive surface and various 
possible interpretations of the valley fill, point toward some degree of ice obstruction 
and/or glacial erosion in the formation history of the paleovalley. Otherwise it is difficult 
to reconcile some of these features with fluvial processes alone. The data presented here 
support the idea that the MIS 6 Arctic Ice Shelf may have extended farther onshore 
around the Barrow region, or that there was additional sources of ice blockage and 
38 
 
erosion during MIS 2, either from another ice shelf or from massive iceberg and 
meltwater discharges.  In either case, these interpretations suggest a more extensive 
glaciation than previously recognized across northwestern Alaska, and warrant future 
research into the glacial history of the region. 
During sea level lowstands, the Bering Land Bridge is exposed and the only 
inputs into the Arctic Ocean are freshwater, through either fluvial or glacial sources. The 
freshwater inputs into the Arctic Ocean converge with the NADW and contribute to the 
global THC, which drives deep water overturning. Large freshwater inputs, from glacial 
melting, can result in denser, colder inputs, which could cause a shutdown of the THC 
and would impact overall circulation and global climate. During sea level lowstands, the 
Pacific Ocean is cut off from the Arctic Ocean, and the Chukchi Sea becomes a major 
source of freshwater input for the Arctic, indicated by the large amount of paleodrainage 
features on the Chukchi Shelf. The large size and extent of the paleodrainage features on 
the Chukchi Shelf indicate that the role of the Chukchi Sea on the Arctic Ocean during 
sea level lowstands is much more significant than previously recognized.  Overall, using 
the paleodrainage features observed off the northern coast of Alaska, it is possible to 
construe ice extent over multiple sea level cycles, which could provide information about 
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Figure 3. Overall ice extent in the Arctic and notable ice-related observations in the 
Western Arctic Ocean and Chukchi Sea during the last two glaciations. During the LGM 
ice covered a majority of the western Arctic while ice in the eastern Arctic was limited to 






































































































































































































































































































































Figure 6. The four identified paleovalleys observed on the Chukchi shelf. The 
Southern, Northern, and Borderlands Valleys are perpendicular to the western 




  Figure 7. Location map of the Southern Valley on the Chukchi shelf. The purple 
lines indicate paleodrainage features linked to the Southern Valley and the boxes 








































































































































































































































































8Figure 10. Location map of the Northern Valley on the Chukchi shelf. The golden lines 
indicate paleodrainage features linked to the Northern Valley and the boxes represent              

















































































































































































































































Figure 13. Location map of the Borderlands Valley on the Chukchi shelf. The red lines 
indicate paleodrainage features linked to the Borderlands Valley and the boxes represent 





















































































































































































































































Figure 16. Location map of the Barrow Valley on the Chukchi shelf. The yellow lines 
indicate paleodrainage features linked to the Barrow Valley and the boxes represent 



































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 23. The interpreted discharge sources for the four paleovalleys. The Southern 
Valley appears to have been sourced by the Kokolik and Kukpowruk Rivers. The 
Northern, Borderlands, and Barrow Valleys appear to have been sourced from the 
Utukok and Kuk Rivers. 
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